Aim: We investigated the chemotherapy effect of resectable colorectal cancer with liver metastasis (CRLM) on the function of intrahepatic immune cells.
| INTRODUCTION
The primary clinical complication of colorectal cancer (CRC) is the invasion of tumor cells into distant organs and outgrowth of metastases. CRC with liver metastasis (CRLM) is a major prognostic factor for CRC patients.
1,2 Disease-specific mortality of progressive CRC has decreased significantly in past decades with novel chemotherapeutic agents, such as oxaliplatin and irinotecan, and molecular targeted drugs, such as bevacizumab, a recombinant humanized monoclonal antibody that targets vascular endothelial growth factor (VEGF). 3 Adding bevacizumab to chemotherapy significantly reduces the residual viable tumor cell volume in resected tumors and increases the proportion of patients eligible for liver metastasis resection, when compared with chemotherapy alone. 4, 5 Despite recent advancements in chemotherapy strategies for the treatment of advanced CRC patients, surgical resection of CRLM has been established as the treatment of choice and is the most effective and potentially curative therapy. [6] [7] [8] [9] [10] Furthermore, surgical resection for CRLM combined with systemic adjuvant chemotherapy has a potential benefit to be curative for CRLM patients. 11, 12 Meanwhile, the advantage of neoadjuvant chemotherapy in initially resectable CRLM patients is the treatment of undetected distant micrometastasis, thereby reducing recurrence risk after surgery. 13 Although various studies have reported on the treatment strategy in resectable CRLM patients, the optimal treatment sequence remains unclear.
Considering the impact of both surgical resection and chemotherapy on host immunity is imperative in the treatment of resectable CRLM. Immune systems surrounding cancer cells are known to play crucial roles in regulating cancer cell proliferation, invasion, and metastasis through immunosurveillance. 14, 15 Our group and other researchers have shown that the decreased activity of immune cells in the liver after hepatectomy leads to tumor growth in mice. 16, 17 Although the influence of surgery on immune surveillance against cancer cells has been occasionally investigated, the influence of chemotherapy on that remains to be elucidated. Studies have reported that the presence of tumor-infiltrating immune cells,
such as natural killer (NK) cells and T cells, in CRLM patients
improved the overall survival (OS). 6, 18 NK cells are part of the innate immune system and may provide a first line of defense against neoplastic cells by exerting an effector function without the necessity for priming. 19 In addition, NK cells are abundant in human liver, and liver NK cells have remarkably higher cytotoxic activity against neoplastic cells than peripheral blood NK cells. 20, 21 Such unique anatomical distribution and functional property of NK cells in the liver prompt us to investigate the influence of chemotherapy, particularly neoadjuvant chemotherapy, on the immunity of NK cells in the liver of CRLM patients.
In a clinical setting, we are conducting a phase II/III randomized clinical trial in Hiroshima Surgical Study Group of Clinical Oncology (HiSCO) to determine whether neoadjuvant chemotherapy followed by hepatectomy is superior to adjuvant chemotherapy after hepatectomy in resectable CRLM patients regarding progression-free survival (PFS), OS, and time to treatment failure. As this clinical trial provided a good opportunity to obtain samples from resectable CRLM patients, who were either previously exposed or not exposed to chemotherapy, we additionally but separately designed an independent study to investigate the effect of neoadjuvant chemotherapy in resectable CRLM patients on liver NK cell activity as subanalysis of a clinical trial.
| MATERIALS AND METHODS

| Study design and procedures
We have been conducting a phase II/III randomized clinical trial in 
| Collection of mononuclear cells
We analyzed the contents of immune cells and phenotype using peripheral blood mononuclear cells (PBMC) and liver mononuclear cells (LMNC) obtained from eligible patients in both groups. We collected blood samples at the time of hepatectomy, and PBMC were isolated by gradient centrifugation with Separate-L (Muto Pure Chemicals Co., Ltd, Tokyo, Japan) from 40 mL heparinized peripheral blood. In addition, LMNC were obtained by ex vivo perfusion through the portal vein of resected livers from CRLM patients as previously described. 20 Effluents were condensed by centrifugation, and LMNC were isolated by gradient centrifugation with Separate-L.
| Flow cytometric analyses
We carried out flow cytometric (FCM) analyses using a FACSCalibur 
| Cytotoxicity assays
Liver mononuclear cells were suspended in DMEM medium (Gibco, Grand Island, NY, USA) supplemented with 10% heat-inactivated fetal calf serum (Sanko Chemical Co., Tokyo, Japan), 25 mmol/L HEPES buffer (Gibco), 50 μmol/L mercaptoethanol (Katayama Chemical Co., Osaka, Japan), 50 U/mL penicillin, and 50 μg/mL streptomycin (Gibco). In addition, LMNC were used for phenotypic analyses and cultured with or without human recombinant interleukin (IL)-2 (100 U/mL; Takeda, Tokyo, Japan) for 3 days at 37°C in 5% CO 2 .
Cultured cells were harvested and used for phenotypic analyses and cytotoxicity assays, which were carried out using FACSAriaII (BD Biosciences) and FlowJo 7.6.5 software. Furthermore, we used DLD- 
| Real-time polymerase chain reaction
Total RNA was isolated from resected tumor tissues of CRLM using RNeasy Mini kit (Qiagen, Limburg, the Netherlands) and reverse-
Eligibility criteria
(1) Primary lesion histologically diagnosed as CRC (2) Presence of CRLM of stage H1 or H2 (3) Metastatic lesion in the liver required less than 60% of liver resection and allowed resection with a microscopically negative margin (4) No distant/peritoneal metastasis other than CRLM (5) The primary lesion had already been or could be resected with a microscopically negative margin (6) No history of local therapy such as radiofrequency ablation or chemotherapy/radiotherapy for the CRLM (7) No history of chemotherapy involving the use of oxaliplatin (8) The liver disease could be classified as Child-Pugh class A 
| Image-confirmed and pathological chemotherapy response rates
We evaluated the image-confirmed chemotherapy response rate according to the Response Evaluation Criteria In Solid Tumors (RECIST v1.1) 25 as follows: complete response (CR), partial response (PR), progressive disease (PD), and stable disease (SD). Furthermore, the pathological chemotherapy response rate was defined according to the criteria of the Japanese Society for Cancer of the Colon and Rectum (JSCCR) 10 as follows: grade 0, grade 1a, grade 1b, grade 2, and grade 3. In this study, the pathologist randomly selected CRLM slides stained with hematoxylin-eosin, and evaluated chemotherapy effectiveness without knowledge about the clinical history of the patients.
| Statistical analysis
Data are presented as mean ± standard deviation (SD). We carried out statistical analyses using JMP 11 for Windows (SAS Institute, Inc., Cary, NC, USA). Statistical significance of the differences observed between groups was evaluated by Mann-Whitney U-test and ANOVA with Scheffe's F test. P < 0.05 was considered statistically significant.
| RESULTS
| Patient demographics and clinicopathological characteristics
In this prospective open-label study, we enrolled CRLM patients previously untreated with chemotherapy. In group B, 11 of 15 patients were evaluable for preoperatively given bevacizumab combined with
CapeOX at the time of sampling. In group A, 15 patients were used as controls without the influence of chemotherapy. Differences in the number of cases between these both groups were the exclusion of some cases because of complications of chemotherapy, treatment refusal, and another carcinoma occurrence. Figure 3A,B) . Consequently, the cytotoxic activity of IL-2-stimulated LMNC obtained from both groups showed no significant differences ( Figure 3C ).
| Neoadjuvant chemotherapy did not affect the expression levels of NKG2D ligands in liver tumors
We then evaluated the influence of chemotherapy on the expression of tumor-specific antigens that were theoretically recognized by NK cells on tumors from CRLM patients. Ligands for NKG2D comprised human class I-like molecules MICA, MICB, and ULBP, which are stress-induced molecules expressed by tumors of epithelial origin and activate NK cell cytotoxicity through their NKG2D receptor.
29,30
Although we carried out immunohistochemistry using frozen sections we could not exclude the possibility of inconsistencies arising from this limitation, no significant differences were observed in the expression levels of these three targets between the two groups ( Figure 4 ).
| No association between NK cell activation marker expression and clinically evaluated chemotherapy response rate
To investigate the effect of neoadjuvant chemotherapy on tumor shrinkage, we assessed the correlation between NK cell surface acti- 
| DISCUSSION
Effect of chemotherapeutic agents on immune cell function is considered to be involved in the immunosuppression associated with myelosuppression or drug cytotoxicity. 31 However, the immune cell Recently, a complete pathological response was shown to be correlated with high rates of the OS and PFS in advanced CRC patients who had undergone neoadjuvant and conversion chemotherapy before resection of CRLM. 47 In the present study focusing on the early limited phase until hepatectomy, we found no significant 
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